A facultative parasite of cereals, Fusarium culmorum is a soil-, air-and seed-borne fungus causing foot 19 and root rot, fusarium seedling blight, and especially Fusarium head blight, a spike disease leading to 20 decreased yield and mycotoxin contamination of grain. In the present study, we tested changes in 21 expression of wheat genes (B2H2, ICS, PAL, and PR2) involved in defence against diseases. We first 22 2 36 under all treatments for the B2H2 gene. Only expression of PAL under the ergosterol and prochloraz 37 treatments were not statistically significant. 38 39 Keywords Fusarium head blight, Fusarium seedling blight, aescin, ergosterol, sodium bicarbonate, 40 chitinase, qPCR, potassium iodide 41 42
compared expression of the analysed genes in seedlings of non-inoculated and artificially inoculated 23 wheat (variety Bohemia). The second part of the experiment compared expression of these genes in 24 seedlings grown under various treatment conditions. These treatments were chosen to determine the 25 effects of prochloraz, sodium bicarbonate, ergosterol, aescin and potassium iodide on expression of the 26 analysed defence genes. In addition to the inoculated and non-inoculated cultivar Bohemia, we examined 27 two other varieties of wheat with contrasting resistance to Fusarium sp. infection. These were the blue 28 aleurone layer variety Scorpion that is susceptible to Fusarium sp. infection and variety V2-49-17 with 29 yellow endosperm and partial resistance to Fusarium sp. infection. In this manner, we were able to 30 compare potential effects of inductors upon defence gene expression among three varieties with different 31 susceptibility to infection but also between inoculated and non-inoculated seedlings of a single variety. 32 The lowest infection levels were detected in the sodium bicarbonate treatment. Sodium bicarbonate had 33 not only negative influence on Fusarium growth but also positively affected expression of plant defence 34 genes. Expression of the four marker genes shown to be important in plant defence was significantly 35 affected by the treatments. The greatest upregulation in comparison to the water control was identified Introduction 43 Fusarium culmorum is a ubiquitous soil-borne fungus with a highly competitive saprophytic capability. 44 As a facultative parasite, it can cause foot and root rot (1). Fusarium culmorum is also seed-borne and 45 causes fusarium seedling blight when infected seed is used in sowing. Seedling blight can cause extensive 46 damage to growing seedlings (2) that can lead to reduced plant establishment, number of heads per square 47 meter, and also grain yield (3). Fusarium head blight (FHB) is one of the most severe diseases responsible 48 for decrease in grain yield and quality. Furthermore, presence of mycotoxins produced by this fungus 49 (deoxynivalenol, nivalenol, zearalenone, and many others) can harm human and animal health. FHB in 50 wheat is mainly caused by Fusarium graminearum, F. culmorum, and F. poae. Fusarium culmorum 51 infection is dominant in colder regions, such as north, east, and central Europe (1). The major reservoirs 52 of Fusarium sp. inoculum are crop residues on the soil surface. The fungus can survive on a wide range of 53 living plant species (wheat, corn, barley, soybean, and rice) (see Bai and Shaner for a review (4)). 54 There are several means to fight this disease: use of fungicides, cultural practices, resistant cultivars, 55 and biological agents (5). Although seed treatment is used to control soil-borne infection caused by 56 Fusarium spp. (6), there is no definite way to defeat this complex of Fusarium diseases. Efficacy of 57 fungicide treatments against FHB is only 15-30% (7). Fully resistant cultivars are not available to date, 58 but some cultivars have useable levels of partial resistance that limit yield loss and mycotoxins 59 accumulation (8). FHB resistance has a quantitative nature and identification of responsible genes is 60 difficult. Even though numerous quantitative trait loci have been described to date (see Duba et al. for a 61 review (9)), just a few such genes have been definitively identified, sequenced, and their causal mutations 62 determined. Kage et al. (10) identified an FHB resistance gene on chromosome 2DL as the TaACT gene 63 encoding agmatine coumaroyl transferase. They suggest that several single nucleotide polymorphisms 64 (SNPs) and two inversions may be important for gene function. The second identified gene, Fhb1, confers 65 resistance in variety Sumai 3. It is pore-forming toxin-like (PFT) gene (11). Further, a number of 66 pathogenicity and virulence factors have been characterized (11, 12, 13) . 67 The expression of defence-related genes also can be important in the plant's reaction against 68 pathogens. PR-1, PR-2 (glucanases), PR-3 (chitinase), PR-4 (thaumatin-like proteins), PR-5, and 69 peroxidase have been shown to be induced in both resistant and susceptible cultivars after point 70 inoculation (14) . These proteins were detected as early as 6 to 12 h after inoculation and peaked after 36 3 71 to 48 h. Earlier and greater expression of PR-4 and PR-5 transcripts were observed, however, in resistant 72 cultivar Sumai 3 than in susceptible cultivar Wheaton (14) . Larger amounts of β-1,3-glucanase and 73 chitinase enzymes also have been detected in resistant cultivar Sumai (15). The overexpression of defence 74 response genes in wheat could enhance FHB resistance in both greenhouse and field conditions. 75 A large number of organic and inorganic compounds have previously been described as affecting 76 plant defence mechanisms (16, 17) . For example, such plant or fungal-derived compounds as 77 monoterpenes or ergosterol can induce plant defence (18, 19) . 78 Our study is focused upon comparing expression of different genes in non-inoculated and inoculated 79 varieties and under various treatment conditions. The first part of the experiment compares expression of 104 The presence of F. culmorum in seeds was confirmed in two ways, using quantitative (real-time) 105 polymerase chain reaction (qPCR) and enzyme-linked immunosorbent assay (ELISA). DNA from 50 mg 4 106 of inoculated and healthy seeds was isolated using a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) 107 according to the manufacturer's instructions. The DNA concentration was measured by Qubit (Thermo 108 Fisher Scientific, Waltham, MA, USA), and the DNA was diluted to 10 ng μl −1 . Primers and conditions 109 for the qPCR reaction were as described by Moradi et al. of Fusarium infection was detectable by pink-white mycelia growing around kernels and dark 178 discoloration of the coleoptile and stem (Fig 1) . 179 In the variant without inoculation there were no infected seeds. On the contrary, the inoculated seeds 180 that had been submerged in water showed high level of infection (Fig 1) . This level of infection was 181 decreased under every treatment except for that of potassium iodide. The level of infection in the 182 potassium iodide treatment group was even increased in comparison to the water-treated inoculated seeds.
Confirmation of F. culmorum presence in inoculated seeds

183
In evaluating the 200 seeds from each combination, significant differences were detected between 184 individual groups. The results suggest that the lowest level of infection in inoculated seeds was detected 185 in the sodium bicarbonate treatment, followed (in order from lowest to highest) by prochloraz, ergosterol, 186 aescin, water, and potassium iodide (Fig 2) . Thus, the treatment with 0.1M sodium bicarbonate was more 187 potent in suppressing fungal growth than was the treatment with 1 μg ml −1 prochloraz. Scorpion variety (Fig 3) . The lowest FD was detected under iodide in the yellow variety. 241 The FDs for PR2 expression in comparison to the water control were elevated under almost all 242 treatments and in all analysed varieties except for the ergosterol treatment in healthy Bohemia. The 243 largest FD was seen in the V2-49-17 variety under all treatments except for prochloraz and iodide, in 244 which cases the FDs were greater in the Scorpion variety. The largest FD for PR2 was observed under the 245 iodide treatment (from 20.75 to 49.85 FD). The lowest FD in almost all cases was found in healthy 246 Bohemia (Fig 3) . 247 We further compared the expression of all four genes between the inoculated and healthy Bohemia 248 under all treatments. The strongest B2H2 expression in inoculated Bohemia was identified under 249 potassium iodide treatment and the weakest under the control. The strongest B2H2 expression in healthy 250 Bohemia was identified under potassium iodide treatment followed by that for sodium bicarbonate (Fig   251   4 ). The expression of B2H2 was increased in inoculated Bohemia under all treatments. A, B, C, D) . Expression levels 255 were relative to healthy cv. Bohemia seeds and were normalized with the wheat reference gene GAPDH. 256 Expression levels shown are mean values and standard deviation for three repetitions. Statistically 257 significant differences between healthy and inoculated cv. Bohemia plants are indicated by asterisks 258 above every treatment (P < 0.05 (*); P < 0.01 (**); P < 0.001 (***); P < 0.0001 (****).
260
Expression of ICS was significantly downregulated in inoculated Bohemia under almost all 261 treatments, the exception being the ergosterol treatment, in which case the difference was not statistically 262 significant (Fig 4) . The strongest ICS expression was detected under the prochloraz treatment in healthy 263 Bohemia. The weakest was under the iodide and ergosterol treatments. 264 Comparison of healthy versus inoculated Bohemia showed increase of PAL expression in inoculated 265 Bohemia under all treatments. The strongest expression of PAL in healthy Bohemia was identified under 266 the sodium bicarbonate treatment. The greatest expression in inoculated Bohemia was identified under the 267 prochloraz and sodium bicarbonate treatments (Fig 4) .
268
PR2 expression was elevated in all treatments other than the aescin treatment in inoculated Bohemia. 269 The difference between healthy and inoculated Bohemia under the aescin and prochloraz treatments was 270 not statistically significant. The expression of PR2 in inoculated Bohemia was elevated under the iodide 271 (in comparison to healthy Bohemia), and ergosterol treatments with high significance. Small increases 272 were detected under the water and sodium bicarbonate treatments (Fig 4) . In current study was tested the expression of chosen marker genes of wheat seedlings after various 276 treatments by potential plant defence inductors. The effect of plant defence inductors was previously 277 widely studied (18, 19) and their effect on defence genes expression was taken to the account. Effect of 278 chitinase genes in increasing plant resistance to fungal diseases has been observed in previous studies (see 279 Fahmy et al. for a review (24)). Transgenic wheat with barley chitinase II was shown to be resistant 280 against powdery mildew, leaf rust pathogens, and F. graminearum (25, 26, 27) . Chitinase from wheat, 281 barley, and maize kernels has been shown to inhibit hyphal elongation of the fungi (28). In the present 282 study, expression of the chitinase gene in the V2-49-17 variety was greater than was its expression in Conclusion 346 We conclude that sodium bicarbonate has the greatest potential for increasing plant resistance without 347 having a negative effect on plant growth. According to our findings, the sodium bicarbonate had not only 348 a negative influence on Fusarium growth but also a positive effect on upregulating the expression of plant 349 defence genes. 
